Introduction
============

Breast cancer is currently the most common cancer type in females globally, and its incidence has increased significantly in 2017, with a growing trend towards occurrence at a younger age ([@b1-ol-0-0-10197],[@b2-ol-0-0-10197]). At present, mastectomy (MAS) is generally considered to be the current method of choice for treatment of early-stage breast cancer ([@b3-ol-0-0-10197],[@b4-ol-0-0-10197]). However, Veronesi *et al* ([@b5-ol-0-0-10197]) reported that breast conserving surgery (BCS) and MAS are appropriate surgical options for the treatment of patients with early-stage breast cancer, and that there is no significant difference between the two procedures regarding the rate of local recurrence and overall survival (OS). Additionally, it has been observed that patients who underwent MAS exhibited aggressive clinicopathological factors, including young age of onset, large tumor size, high tumor grade, lymphovascular invasion or positive/close resection margin ([@b6-ol-0-0-10197],[@b7-ol-0-0-10197]). Postoperative radiotherapy has been reported as necessary in these patients in order to achieve a positive prognosis ([@b8-ol-0-0-10197],[@b9-ol-0-0-10197]). Other research demonstrated that post-MAS radiotherapy (PMRT) has a strong potential to produce a positive prognosis in females with stage T3-T4 breast cancer, or those where the cancer has spread to four or more positive axillary lymph nodes (LNs) ([@b10-ol-0-0-10197],[@b11-ol-0-0-10197]). Furthermore, a large retrospective study indicated that patients with node-negative breast cancer may also benefit from PMRT ([@b12-ol-0-0-10197]). However, the use of PMRT to improve breast cancer-specific survival (BCSS) and OS rates in early-stage (T1-2) breast cancer, and those with one to three positive axillary LNs, is controversial ([@b13-ol-0-0-10197]), due to limited clarity in the current evidence and a lack of data from large, high-quality clinical studies.

In observational studies, treatment options are frequently influenced by an individual\'s characteristics ([@b14-ol-0-0-10197],[@b15-ol-0-0-10197]). Furthermore the baseline characteristics of individuals who receive treatment are frequently systematically different from those of untreated individuals ([@b16-ol-0-0-10197]). Therefore, it is important to take into account the baseline characteristics of the treatment group and the group who did not receive treatment when assessing the efficacy of a treatment ([@b17-ol-0-0-10197]). Due to this, researchers are increasingly adopting the propensity score matching method in such studies in order to reduce the influence of confounding variables when using observational data ([@b18-ol-0-0-10197]).

Despite the controversy regarding its use in the treatment of early-stage breast cancer, postoperative radiotherapy has gained acceptance as an integral part of early-stage breast cancer treatment. The purpose of the present study was to investigate the BCSS and OS rates of a PMRT group and a group that did not receive PMRT after receiving MAS using propensity score matching.

Patients and methods
====================

### Participants

Female patients with breast cancer who had been diagnosed between January 2004 and November 2014 were selected from the Surveillance, Epidemiology and End Results cancer statistics database (<https://seer.cancer.gov/>; November 2016 edition), which included data from 18 population-based cancer registries in USA. The minimum age of the selected patients was 21 years and the maximum age was 94 years. Participant data was considered eligible on the precondition that the subject had received MAS only. Furthermore, only patients with unilateral lesions, pathologically confirmed infiltrating duct carcinoma (international classification of disease-O-3; 8500/3) and those who had early stage (T1-2) breast cancer with one to three positive axillary LNs were included. Patients were excluded if they had an uncertain American Joint Committee on Cancer (AJCC) stage of T or N, or if they had other accompanying malignant tumors ([@b19-ol-0-0-10197]). Furthermore, individuals who had developed other malignant tumors prior to or during their breast cancer were excluded. Additionally, individuals with an unknown survival month and/or cause of mortality were also excluded from the present study. Individuals whose tumor grade at diagnosis was ambiguous were also excluded from the analysis.

Based on the aforementioned inclusion and exclusion criteria, data associated with the following variables were extracted from the database: Patient ID, race, age at diagnosis, marital status at diagnosis, tumor size, tumor grade, tumor laterality (left or right breast), number of positive nodes, primary site, AJCC 6th Tstage, surgery of the primary site, radiation treatment sequence and chemotherapy.

### Study endpoint and statistical analyses

There were endpoints included in the analysis. BCSS was defined as the duration from the date of diagnosis to the date of last follow-up or mortality from breast cancer and OS was defined as the duration from the date of diagnosis to the date of last follow-up or mortality from any cause. Unpaired Student\'s t-test was used to identify differences between groups where data (variables) were continuous. A χ2 test was used to identify differences between groups involving categorical variables. Furthermore, propensity score matching was used to estimate the effects of treatment (PMRT) on the endpoint measures with reduced selection bias.

Prior to data analysis, a logistic regression model of the entire dataset was constructed in order to identify the main factors impacting outcomes in the treatment (PMRT) and control groups (no PMRT). The following variables were then filtered out of the model: Patient age, number of positive nodes, tumor grade and chemotherapy. Subsequently, the regression model was applied to the software package MatchIT in R version 3.4.2 (<https://www.r-project.org/>) to calculate propensity scores representing the estimated probability of a patient in the group that received no PMRT based upon each participant\'s baseline characteristics. In applying this approach, there is evidence that the statistical efficiency does not significantly increase but the workload increases when the match ratio exceeds 1:4 ([@b20-ol-0-0-10197],[@b21-ol-0-0-10197]). Therefore, under the premise of ensuring maximum utilization of the data, patients without PMRT treatment were matched to patients with PMRT treatment with the closest propensity score based on a control ratio of 1:4 using a nearest neighbor algorithm approach with no replacement. Matching was restricted to being within the region of common support. A variety of checks were performed to ensure the adequacy of the model. The balance of means and variances of converts after matching was checked by examining the standardized mean differences between patients with no PMRT and PMRT prior to and following matching. Notably, following matching, the Student\'s t-test should be no longer significant. Furthermore, the histogram and kernel density of the probability distribution of propensity scores were examined prior to and following matching.

The Kaplan-Meier method was used to estimate the likelihood of BCSS and OS following propensity score matching. To compare survival between groups, the log-rank test was used. The hazard ratios (HR) and associated 95% confidence intervals (CIs) for BCSS and OS were examined using the Cox proportional hazards regression model. Variables exhibiting significant differences between groups upon univariate analysis were included in the multivariate analysis. All data were processed using the R soft version 3.4.2 and SPSS version 20.0 (IBM Corporation, Armonk, NY, USA). P\<0.05 was considered to indicate a statistically significant difference and all statistical tests were conducted as two-tailed tests.

Results
=======

### Characteristics of the patient groups

A total of 7,316 female patients with breast cancer who had been diagnosed between January 2004 and November 2014 were included in the analysis. Patients were divided into two groups based on whether or not they had received PMRT. The baseline characteristics of the patients are presented in [Table I](#tI-ol-0-0-10197){ref-type="table"}. The mean age and proportion of patients with T1 stage cancer were significantly increased among those who did not receive PMRT, compared with those who did receive PMRT (P\<0.001). Patients who had received radiation therapy exhibited more advanced stage tumors (stage III and IV) and had an increased probability of refusing chemotherapy, compared with those who did not receive PMRT. Significant differences between the two treatment groups (no PMRT and PMRT groups) were also observed in terms of race, year of diagnosis and number of positive nodes ([Table I](#tI-ol-0-0-10197){ref-type="table"}). Following propensity score matching, the significant differences between the two treatment groups that were observed at baseline were no longer apparent ([Table I](#tI-ol-0-0-10197){ref-type="table"}).

The univariate analysis predicted the major risk factors for BCSS among the PMRT and no PMRT groups to include age, race, number of positive nodes and T stage. Tumor location was not predicted to be a significant risk factor for BCSS (HR, 0.917; 95% CI, 0.772--1.090; P=0.326). The multivariate analysis predicted the significant risk factors for BCSS to be age (HR, 1.010; 95% CI, 1.004--1.017; P=0.001) and T stage (HR, 0.395; 95% CI, 0.319--0.489; P\<0.001).

### Oncological outcomes

When the unmatched patient data were analyzed, the median follow-up duration was determined to be significantly increased in the PMRT group, compared with the group that received no PMRT (113.89 vs. 103.17 months; P\<0.001). Additionally, the BCSS and OS probabilities of the PMRT group were increased, compared with those of the no PMRT group (BCSS probabilities: 92.0 and 90.13%, respectively, P=0.015; OS probabilities: 89.8 and 86.0, respectively, P\<0.001; [Fig. 1](#f1-ol-0-0-10197){ref-type="fig"}).

Following nearest-neighbor matching using the propensity scores, the histograms prior to and following matching were determined ([Fig. 2](#f2-ol-0-0-10197){ref-type="fig"}). The histograms prior to matching on the left differed in raw treated and control graphs. However, the right histograms in matched treated and control data were similar. In summary, the numerical and visual data indicated that the matching was successful. The distributions of propensity scores prior to and following matching were indicated ([Fig. 3](#f3-ol-0-0-10197){ref-type="fig"}). The jitter plot demonstrated that the baseline differences between the treatment (PMRT) and control (no PMRT) groups were marginal. A total of 1,540 cases in the PMRT group were matched to the group that did not receive PMRT, and 5,391 cases in the PMRT were discarded. Following matching, the analysis revealed that the BCSS probabilities following no PMRT were significantly reduced, compared with those of the PMRT group (90.1 vs. 93.7%; P=0.007). Notably, the incidence of cumulative hazard events was 163/1,540 (10.6%) in the PMRT group and only 54/385 (14.0%) in the group that did not receive PMRT.

[Fig. 4](#f4-ol-0-0-10197){ref-type="fig"} depicts the generated Kaplan-Meier curves for outcomes among patients according to their treatment status (PMRT or no PMRT) following propensity score matching. There were statistically significant differences in the BCSS and OS probabilities according to radiotherapy treatment status, with a trend towards improved outcomes in patients who received PMRT. When that data were divided into two further groups according to age (≤40 and \>40 years old) and the differences between BCSS and OS probabilities were compared, the results demonstrated that PMRT had no significant effect on the outcome in the younger age group, despite the trend towards separation in the Kaplan-Meier curves displayed (P=0.27 and P=0.33, respectively; [Fig. 5](#f5-ol-0-0-10197){ref-type="fig"}). When the data associated with the older group of patients (\>40 years old) were analyzed, patients who had received PMRT exhibited an improved prognosis in terms of BCSS and OS scores (P=0.029 and P=0.002; [Fig. 6](#f6-ol-0-0-10197){ref-type="fig"}). The subgroups were further analyzed by age (≤40 and \>40 years old), and the results demonstrated that PMRT was not an independent prognostic factor for young patients, specifically regarding OS or BCSS (P=0.284 vs. P=0.22, respectively). By contrast, PMRT demonstrated a statistically significant difference in OS and BCSS in the elderly group (P=0.008 vs. P=0.015, respectively).

Discussion
==========

Although it has been reported in the literature that postoperative radiotherapy may be beneficial for improving the prognosis of early-stage breast cancer, the majority of the studies that have been conducted to date have been limited to a single center and employed a small sample size ([@b22-ol-0-0-10197],[@b23-ol-0-0-10197]). To the best of our knowledge, there are only a large number of retrospective studies conducted by Huo *et al* ([@b24-ol-0-0-10197]) in 2015. It focuses on the association between the number of early-stage breast cancer LNs and postoperative radiotherapy. The present study analyzed the impact of PMRT on the tumor-specific survival rates of patients with early-stage breast cancer within a large sample drawn from multiple centers, with the aim of improving the evidence for the use of adjunct therapy for early-stage breast cancer following MAS.

The data analysis generated evidence demonstrating that PMRT was associated with improved BCSS and OS probabilities, compared with not receiving PMRT, and the direction of the association was not altered by adjustment of confounding factors. Kindts *et al* ([@b25-ol-0-0-10197]) reported a similar observation in a large respective study involving 439 patients with early-stage triple negative breast cancer. Furthermore, the results are consistent with those of another retrospective study by Kim *et al* ([@b26-ol-0-0-10197]). The collective evidence, indicating a survival benefit of PMRT, suggests that postoperative radiotherapy may benefit the prognosis of patients with early-stage breast cancer.

A notable observation of the present study was that the tumor location did not significantly impact BCSS probabilities. Conversely, previous studies reported that patients with tumors in the upper-outer quadrant of both sides of the breast, as well as the right central portion, have an improved prognosis, compared with patients with tumors at other locations ([@b27-ol-0-0-10197],[@b28-ol-0-0-10197]). Notably, the assignment of patients to groups in the two studies employed slightly different protocols, which may have resulted in a significant number of false positives being assigned in the effect of primary site on BCSS by Yang *et al* ([@b27-ol-0-0-10197]). The other possible cause of the differences in these data is the different statistical tests used to analyze the data.

The present study identified age, race, number of positive nodes and T stage as predictive of BCSS probability following MAS. This observation is consistent with a population-based study, which determined that BCSS score is dependent on the histological grade of the tumor, Tumor-Node-Metastasis stage, LNs, positive hormone receptor status and patient race ([@b29-ol-0-0-10197],[@b30-ol-0-0-10197]). In another study involving a multivariate analysis, Hanrahan *et al* ([@b31-ol-0-0-10197]) reported similar significant predictive factors of BCSS. Furthermore, the data of the present study are also supported by a systematic review that summarized the prognostic factors associated with breast cancer ([@b32-ol-0-0-10197]).

Previous retrospective studies reported inconsistent data with regard to the effect of PMRT on the BCSS and OS probabilities of young patients with breast cancer ([@b33-ol-0-0-10197],[@b34-ol-0-0-10197]). Although the present results indicated that PMRT can extend BCSS and OS in young patients with breast can0cer, the area remains controversial, and whether there are clear benefits of PMRT in younger patients with breast cancer remains to be conclusively demonstrated. Furthermore, when the older patients (\>40 years old) were analyzed, an improved prognosis with respect to BCSS and OS by PMRT was indicated in the present study. This observation is consistent with those of Yancik *et al* ([@b35-ol-0-0-10197]), who conducted a retrospective study of the effect of various factors, including age of patient outcomes.

The present study has certain limitations. Firstly, the propensity score matching analysis reduced the sample size and as a result the statistical estimations may not be as precise ([@b36-ol-0-0-10197]). Secondly, although in theory propensity score matching balances covariates between treatment groups, this is not a certainty, particularly with regard to unmeasured variables, including the subtype of breast cancer or type of chemotherapy for breast cancer. These and other potential confounding factors may also impact the predicted outcomes in patients with breast cancer ([@b37-ol-0-0-10197]). Finally, previous studies analyzed additional outcome measures. These studies demonstrated that PMRT may significantly reduce the local tumor recurrence (LRR) rate in patients with early-stage breast cancer. Notably, relevant data was not available in the context of the present study to analyze for an association between PMRT and LRR.

In conclusion, the present study demonstrated that PMRT may have a positive impact on the clinical outcomes of patients with breast cancer whose cancer is at an early stage. Notably, BCSS and OS probabilities were significantly improved among patients who had received PMRT. These observations indicated that patients with early-stage (T1-2) breast cancer and those with one to three positive axillary LNs should be considered for PMRT prior to performing surgery.
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![Kaplan-Meier curves for outcomes among patients stratified by the treatment status of radiation following matching. (A) Kaplan-Meier survival curve of breast cancer specific survival between the PMRT group and no PMRT group after matching (B) Kaplan-Meier survival curve of overall survival between the PMRT group and no PMRT group after matching. PMRT, post-mastectomy radiotherapy.](ol-17-06-4851-g03){#f4-ol-0-0-10197}

![Kaplan-Meier curves for breast cancer-specific survival and overall survival among young group (≤40 years). (A) Kaplan-Meier survival curve of breast cancer specific survival in the young group. (B) Kaplan-Meier survival curve of overall survival in the young group. PMRT, post-mastectomy radiotherapy.](ol-17-06-4851-g04){#f5-ol-0-0-10197}

![Kaplan-Meier curves for breast cancer-specific survival and overall survival among old group (\>40 years). PMRT, post-mastectomy radiotherapy. (A) Kaplan-Meier survival curve of breast cancer specific survival in the older patient group. (B) Kaplan-Meier survival curve of overall survival in the older group of patients.](ol-17-06-4851-g05){#f6-ol-0-0-10197}

###### 

Baseline clinical characteristics of study participants who received or did not receive PMRT prior to and following propensity score matching.

                                                              Prior to matching   Following matching                                         
  ----------------------------------------------------------- ------------------- -------------------- --------- -------------- ------------ -------
  Age, mean ± SD                                              52.4±12.8           60.6±14.1            \<0.001   70.0±14.0      60.6±14.1    0.676
  Race (%)                                                                                             0.030                                 0.997
    White                                                     5,250 (75.7)        304 (79.0)                     1,215 (78.9)   304 (79.0)   
    Black                                                     891 (12.9)          32 (8.3)                       127 (8.2)      32 (8.3)     
    Other                                                     790 (11.4)          49 (12.7)                      198 (12.9)     49 (12.7)    
  Location of tumor (%)                                                                                0.214                                 0.915
    Nipple/central                                            545 (7.9)           43 (11.2)                      150 (9.7)      43 (11.2)    
    Upper-inner                                               728 (10.5)          37 (9.6)                       160 (10.4)     37 (9.6)     
    Lower-inner                                               414 (6.0)           22 (5.7)                       87 (5.6)       22 (5.7)     
    Upper-outer                                               2,804 (40.5)        141 (36.6)                     593 (38.5)     141 (36.6)   
    Lower-outer                                               664 (9.6)           41 (10.6)                      147 (9.5)      41 (10.6)    
    Overlapping lesion                                        1,776 (25.6)        101 (26.2)                     403 (26.2)     101 (26.2)   
  T stage^[a](#tfn1-ol-0-0-10197){ref-type="table-fn"}^ (%)                                            0.028                                 0.953
    T1                                                        2,292 (33.1)        149 (38.7)                     601 (39)       149 (38.7)   
    T2                                                        4,637 (66.9)        236 (61.3)                     939 (61)       236 (61.3)   
  Node, mean ± SD                                             1.77±0.80           1.55±0.72            \<0.001   1.57±0.73      1.55±0.72    0.639
  Tumor size (%)                                                                                       0.735                                 0.645
    \<2 mm                                                    25 (0.4)            1 (0.3)                        2 (0.1)        1 (0.3)      
    2--5 mm                                                   80 (1.2)            6 (1.6)                        17 (1.1)       6 (1.6)      
    \>5 mm                                                    6,826 (98.5)        378 (98.2)                     1,521 (98.8)   378 (98.2)   
  Tumor grade (%)                                                                                      \<0.001                               0.786
    I                                                         507 (7.3)           53 (13.8)                      209 (13.6)     53 (13.8)    
    II                                                        2,685 (38.7)        182 (47.3)                     771 (50.1)     182 (47.3)   
    III                                                       3,693 (53.3)        149 (38.7)                     556 (36.1)     149 (38.7)   
    IV                                                        46 (0.7)            1 (0.3)                        4 (0.3)        1 (0.3)      
  Chemotherapy (%)                                                                                     \<0.001                               0.918
    Yes                                                       6,112 (88.2)        188 (48.8)                     759 (49.3)     188 (48.8)   
    No/unknown                                                819 (11.8)          197 (51.2)                     781 (50.7)     197 (51.2)   

According to the American Joint Committee on Cancer staging system ([@b18-ol-0-0-10197]). PMRT, post-mastectomy radiotherapy.
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